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iNNOcurry and toxicity testing of 

non-vifaL components of V - 

FOOT-AND-MOUTH DISEASE VACCINES 

F.Sofycm . ' 

■ ■ • ABSTRACT: . \/ ' ' ' ' ' * 

Some biological properties of 3 difTfsrcnt adjuvants': sapoiSm, DEAMeiciian 
and sodJuin aside applied in foot-and^outh vaccines iiave been studied. M tested in 
guinea pigs, by dklyau of vaiious batches of saponin, th^ author succeededT in 
leducing their toxicity by 8*0 to 90%, their hemolytic activity by 60. to 75% and their - : 
■ inflammatory capacity by 4Q to 50%, whereas in cattle the inf^mmatoiy capacity, of 
dialyzed saponin batches decre^ed by 80 to 90%. The inflammatory capacity of 
DEAJErdcxtran is about 50 to i50% less than that of the saponin. The effect of 
saponin and sodium azide has directly been.studied in virus suspemdon also. Neither 
the saponin nor the sodium azide affecticd adversely the.iijfectivity and immuno-' 
genicity of the antigen. The Ihsis of potency due to the storage of the vaccine is not in 
itlationship with the presence of the two ^ovtmentioned components. . : ■ . 

The potency of food-and-mouth disease (FMD) vicdncs can be considerably 
increased:, by the use of appropriate adjuvants, Out of these, saponin has greatly 
enhanced the iimnunogenicity of FMD vaccines for cattle and sheep, whereas diethyl* 
amino-cthyWextran (DEA&dextran) and oil proved to be the adjuvants of choice in 
pig vaccines. . .'*.■.■ 

Sterility, which is- an essential prerequisite of vinifl vaccines, has been ensured by 
the addition of 0*05% sodium azide (Na-azide). The iramunogenicity of the FMD 
vaccine depends hot only on the quality but also on the quantity of the adjuvant. The 
optimal quantitativis /relations cannot be, however,. fiimiflhed with saponin, because 
various .saponin preparations have untoward biological effects, causing severe tissue 
injury or inflamitiation; Daisgaard (1972 a, b) was* able to reduce the adverse effects of 
saponin conipounds by dialysis, thereby, makinjg possible the use of greater quantities 
for the adjuvation of FMD vaccines. *. " /. — . : 

Out of the non-viral components of FMD vaccines, saponin, DEA£-dextran» and 
Na-azide were tested in this laboratory for innocuity and toxicity. ' . 

Antigens , * \ . -[[ ^.. • '\' 

A I0%.5uspension was prepared from live FMD vims pr pagated in bovine Ungual epitheliutn 
cell culture. Aliquots of this suspension were; after the^ addition of dij^erent components, titralcd 
fot infcctivity for the sake of comparativ evaluation* Aliquots of similar tokens! n were, after 
inaciivation with 0.04% jfonnalin for 41 h at 26^C. completed with various adjuvants,- and the 
experimental yaccines so obtained vrete used f r comparative antigenirity titraitions, \ .-, 
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Dialysis 

' 20^ solution's of the saponin samples' were dialyzed against a 20-foZd volume of distilled 
water in Kalle tubes, at 4**C. * 

■ RESULTS . 

Toxiciry assays ' . - ' ■ ;" • 

The saponin samples were assayed for tojdcity by intraperitoneal, intramuscular 
and subcutaneous administration to inbred Balb/c x CBA Fi-mice, weighing 20-22 g. 
The mean LD5o*valiies obtained in these tests with non-dialyzed and dialysed samples 
of saponin are ahoMoi in Fig. 1 . 

Hemolytic activity . ' • . . \ . \- ...» ' -.. 

. , , . ... _ «.» <^ ^ 

. The saponin samples were tested for hemolytic activity with red blood cells of 
various animal species. Hemolysis was measured by spectrophotometry and the results 
were expressed in ieims of 50% hemolysiug dose (HDjq). The results obtained with 
the same samples before (Fig, 2) and after dialysis (Fig, 3) show a marked increase of 
the HD 50 -values in the dialyzed lot,' 

Assay for phhgogenic effect ' / ... ' ' ■ - / 

0.5% solutions of saponin and DEAE-dextran were injected in 0,05 ml dose into 
one hind footpad of mice, while the contralateral pad was similarly treated with an 
identical dose (0.05 ml) of PBS. The animals were exterminated at different points of. 
time after treatment, the two hind feet were cut off at the tibio-tarsal joint, and each 
was weighed. The phlogogenic effect of the^saponin samples was evaluated on the basis 
of the weight difference.. The temporal course of the inflammatory reactions elicited 
by saponin , and DEAE-dextran was also followed up. The results are ^own in 

. Fig, 4. Th<j. surplus weight due to inflammation is e;q»resscd in per cents related to 

: the weight of the untreated foot as lOO. . 

In the next experiment -flie phlogogenic effect of the dialyzed and non-dialyzed 
saponin samples was compared by injecting the pairs of them into opposite hind foot 
pads of the same mouse. . ' . . 

The mean weigjit data of the treated feet of 5 mice are compared in Fig. 5, 
The local phologenic action- of saponin w^s .less pronounced, . when, simultaneously ' 
with the ;injection into the foot pad, it given to the recipient also by another 
route. • The local anti-infiaminatory action of parenteral saponin doses dep^ended 
considerably on the route, as shown in Fig, 6.* . . \ . • . . " ' 

The^hlogogenic action of saponin was also Jested on guinea, pigs, which were 

. treated intrademially with the samples. Reading of the results was easy, beeaiise t^e 

: round cutaneous ulcerations, appearing at the site of injection; 10 days ^ter tt^^tipimt, 
were large enough to; cypress the results as the nihnber of mm of diameter Icngiii- The 
mean value obtained on treatment of the guinea p^^ with dialyzed an^ non-dialyzed 
samples are shown in Fig. 7, ' * 

Tests of dialyzed and non-dialyzed samples in cattle, were evaluated by excision 
of the changed area after slaughter and comparison of the weights qf the' inflaminatory 

. swellings iGFig- 8). ^ ; '*.^ ^ .. ^ . • ^ 
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Effectof saponin on the infeetivUy of the virus ; ' 

Various amounts of saponin v/ere added to aliquots bovine lingual epitheUuin 
ceU suspension containing 10% vims, which were thereafter stored at 4 C. The 
saponin-treated vims suspensions and an untreated suspension serrog as conttol were 
tiwated for infectiviiy in suckling mice at different points of tune. "Hie results, 
expressed as LDso for the mouse, are shown in Fig. 9. 



fat pot t£tt on S mice 

9 ■•• 



Fig. 5. mogogenk effect of difllyzEd and noji- 
• Hwiyrfld saponin samples in the mouse f oodpad 
test. 




Effeciof saponin on the antigenicity of the vaccine ' . - . . 

This effect was tested wiA'three different samples of saponin in 
preparations. The Tatter had been tested for potency in Sdult mice by. E-nidcx ine^^^ 
5id in the course of the potency tests, FMD virus adapted tp adult «»<='^;;;f ^^"^ 
. on vaccinated and unvaccinated mouse groups, "me E-index value ^r^^^*^!?'^' 
■ difference of the-infective titres determined in the control and vaccwat^ groups. The 
vaccine was regarded as potent, ifits Erihdex value was 2J9 or higbsrC^}. 
— T^ Sts of the tntee different saponin samples were compared by addbng . 
. them in dialyzed andfnori-dialyzed foflns to the saine basal vaccme preparations., The 

forthe/s vaccine.preparat^^^^ 
. were S^T^ed foTpo^U by the E-index; method, at different pobits of tnne 
.-. following finishihg (Fig. li). ;.; - .'. • ■ 

:■ Effect of sodium aside (Sa^zi^e) on tha infective titre 

According to the foregoing sdiemes. 10% virus! 8uiq»ensy^^^ 
infecti^ at <Ufferent points, of time following the addition, of vanous. quantities of 

• ■•Na-azideCFig. 12). , •\y, y. ..• . ' ;-• " . 
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Fig. 10, The adUuvant effect of diaOyzcd and non-dialyzcd saponin ^'determined whh the E-indox 

method. 




' Fig. ii, ImnjuriQgtnicxty ywrsus time as determined by tho E^'index method in FMD vaccines coat- 
■ * . ■ . aintng and not containing saponin. ..*-.,.•.• 



Effect of Na-czide on vaccine potency • • : 

Several experimental vaccines were prepared and were testfed for potency by the 
E-index method, with or without addition of .0,05% Na-azide. the lesylts are sum- 
marized in Fig. 13^,- .•-;•.".*■.''.■ :•;*'•*•-...;.■..'•/'.*•■'/.' ^ • •*.*:'■•/ 



Non-Viral cdmponehts in FMD vaccines 
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wiwwntfJf 4ms/me i^fi sh^ 4^ fm^ 



Fi^ 11 Effect of NMtidc on the tofective titie of FMD'Vinis. 




Fi^ 13, Imxnunogcnidty veisus tunc » detetnuAed by the E-index metho? b FM3> vaccines cent- 
. . ainiiig and not GoriUinU>s Nfli-azide. .. . - .'^ ' 



; ' r-':^--:^':v%^ /v, Discuss^^^^ ^^•X;^:H^^,pv^^ 

Three non-viral (hoii-antigOTc) componentlj of FMD- 'vaccines, Le7 sapoi)iii, 
DEAE-dextran and sodium azide, were tested for influence on the innocuity (toxicity) 
of the preparations. . — .* ' • '•• 



n6 ;'.„ ,. • . ' :VF.S61y6m V.. -; 

Tests with dialyzed arid non-dialyzed saponin samples showed that dialyzation 
alters certain properties of this adjuvant. The dialyzed samples were 80-90% less toxic 
for mice, 60-75% less hemolytic for t«d Mood cells of various species, and proved to , 
be 30-35, 40-50 and 80-90% less phlogogenic in mice, guinea pigs and cattle, respect- 
ively. At the same time, dialysis did not depress the adjuvant capacities of saponin, to , 
iudge from the practically identical potencies of the preparations containing dialyzed f 
and non-dialysed adjuvant (Fig. 10). 5apQnin_<Ud_not_aff:e6Ul»eJn^ 
viiusr neither did it injure the inactivated viral antigen during long-term stowge- The . . 
sam information is emerging ftom studies on the duration of vaccine potency . 
(irimiunogenic actioxi) (Fig. 11). which showed that the saponin-adjuvaoted vaccines 

retained immuoogenicity considerably longer than those not containing saponin.. 
Purification of saponin by dialysis has made possible the appUcation of greater., 
quantities of adjuvant in FMD vaccines wthout increasing their adverse eflect.on. 

tissues. • •■ ■ ' . ' ■• "•' • • '•. " ■ ■ . ' i_ • ' i> ' 

The phlogogenic effect of DEAE-dextran was markedly inferior to that of an , 
identic^ dose of saponin. The. edematous swelling induced by DEAE-dextran in the • ■ 
footpad of the mouse was 50-60% smaller and lasted fox a much shorter tinia, 
disappearing practically within 24 h. while the saponin-induced reaction was stdl... 
pronounced at that time. Saponin did not depress the infectivity of the FMD yuus. to 
judge from the practicafly identical values of infectivity titres obtained at different 
concentrations of saponin. ' • . . . ■ 

Na-aiide is added to FMD vaccines not so much as adjuvant as for the saW of ; 
. steriUty. "Hie present experiments have shown, that even 2-8 times greater qtwntities of - 
Na-azide than the uiual concentration failed to depress the infectivity of the virus . 
during the period studied. Na-azide had no adverse effect on FMD Vaccines on long . 
storage either, because vaccines with and wthout Na-azide did not differ .in potency 

significantly. ■■ ' . \^\. 1^ 'Inii. r **. ' 

However, early loss of antigenicity is to be expected, if the sterility . ot the ; 
preparation cannot be<pres«ved for the necessary. length of time.. It follows that:. 
Na-azide plays an indirect but important role in the preservation of vaccire potency.. ' 

■ / Hiree non-aitigenic components' of FMD vaccines' saponin, DEAErdexfaah- Mid .: 
Na-azide were examined for influfbee on vaccine quality. 

It was found that certain undesirable biolopcal effects of saponin can be , 

■■ advantageously reduced by dialysis. TTie dialyzed samples were -80-90% less toxic for - : 
mice 60-75% less hemolytic, and 40-50% less phlogogenic. than, the non-dialyzed : v ■ 
counterparties. DEAE-dextian proved to be 50-60% less phlogogenic Aan an identical , 

dose of. saponin. ■; • • \u •• 

No vaccine component tested depressed either the kifectivity of the virus or the . . ■ 
antigenicity of the inactivated FMD \^accjne8, whether applied at. normal or at elevated . ; 
■ . concentrations. DccHne of vaccine potency, during storage.is unreUt^d to the presence . .' 

of any of the two examined' components. . \;; :.'[■'■'■ ' 
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General discussion • v - .■' {• " 

Omirnum fRA Knight: UK) : I Would like to observe that our; experience with 
saponin has been thai its potency as an iadjuvant seems to be veiy much related to its ; ; ' * ' 
inflammatory action. HoV^/cvcr, Dr Solyom, I am not sure that you have completely ; . ' " 
demonstrated that you are not paying a price in tenns of adjuvant effect when ^ . . 
removing SO miichofthe hemolytic and inflammatory activity, . ' -".y'' ,[.'[> V''-'.''- 
L Jop (Hungary) : Ihere is no conelation between inflammatory and adjuvant. • 
activity; this fact has been confirmed several times* / V- '.\ ' ''^y^. y '"- . 

/ Jacob (Fmnce) : 1 would like to ask a. question for I am a phaimacQ- ^ 
toxicologist accustomed to dealing with the toxicity of drugs rather than of vaccine. I : 
. quite understand that most pf the tests you utilized are whaj we call acute tests, but . , 
some vaccines are now begiiming to be used for chronic treatment. What do you think ; 
about the uscfobiess of chronic toxicity test* (hat is, repeated doses over a mo^e or less ; ; \ . 
extended period ? 5uch a test could perhaps be not so complex but could nevertheless ; ! 
resemble the controls carried out for drugs... . * > . ' '- '.^^^.V .; 

Chairman : I think that the control of chronic toxicity of vaccines is a serious 'l^-'-.. 
problem. The immunological effect of repeated administration of vaccines does not l:>vv i ' . 
allow to make conclusions on toxicity, for reactions occurring in laboratory animals v\^. ': ;: 
may not fairly reflect what would happen in man. On the other hand, you may have > ; >; .. 
effects which remove pharmacolo^cal activities from the vaccine by specific neutral- • ,; 
ization of antibody. My. own feeling is that chronic toxicity tests in the sense in which y - 
: they have been. applied, to non-antigenic materials arc not rc^y very applicable to :^ f 
biologicals; I think that more emphasis could be laid upon .an. investigation of v .j^ 
immmiolo^cial hazards of biologicals hut not in the pharmacolo^cal sense. ^ . ;;; -^^i^^ I 

/. Jacob When you have to cqntroi,. for instance, a toxoid wWch pbssibl^^^ 
has some toxic activity, this activity: may. have two causes, one >yhich is proper to the l.^y%;^, 
specificity of the toxin which is the prigm of the toxoid; the other cause may be due . 
, to the pharinaco-toxicological properties. How can we judge the chrome 
parvum vaccine intended for prolonged treatment;? . . / . : 

Chairman I ' l think that irt'thci case of C panwn vaccbc we are speaking of a 
newcktegory of substances- Iwoiild agree that ccrtam of its p : ' v 

do appear. JO ie modified duriiig chronic treatment. Mowadays we are applying^ in this; ^' v.;;^^^^ 
case and^ith a great deal'of caution, certain, ttsts of chroHiic^toxicity^f ; r . , . Ofy 

L Jo6 : Dr Hni^t, inay I ask: you if you have any experience of testing the V 
toxicity of bacterial vaccines in^mice. using" an ti-metaboliiers, actinpmydn D for 
/•instance? y":'/' •''^ *. *" r^-^i^ ^ 
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Chairman : No, I am afraid ! haven't.* I think that is a gap m my knowledge 
which needs to be rectified, but at the moment I know very little, 

/ Jacob : I would like to underline the importance of chronic toxicity tests. 
It is very likely that in the field of sera and vaccines we have not yet attacked this 
ptobleni systematically. Is not the definition of chronic toxicity also rather elastic ? 
In fact, WB speak of "chronic" toxici^ ^though the prcparation under study may be 
. . applied for only one week or one month or as long as six months. I am sure that my 
' colleagues the microbiologtsl's and the mmunolo^js will give their attention to this 
problem. ... , > 




